This paper examines the determinants of the spatial scope of collaborative linkages between Knowledge Intensive Business Services (KIBS) firms and universities in the UK. Drawing on data on Knowledge Transfer Partnerships (KTPs), it is found that the geographic scope of these linkages is determined by a complex mix of the particular characteristics of firms and universities, as the well the location of the firms. In particular, proximity increases with the participation of smaller firms, and firms located within areas with higher densities of KIBS employment. In contrast, the participation of larger firms or a university with greater levels of research activity increases the geographic scope of a linkage.
Introduction
The development of collaborative linkages with universities, while viewed as crucial to firm innovation, is not a straightforward process as it is surrounded by uncertainties regarding partner fit and overall success of the project (Petruzzelli 2011; Johnston and Huggins 2015) .
Furthermore, the extant literature suggests that due to the effectiveness of knowledge transfer decaying with distance, collaborative linkages between partners located in close spatial proximity are regarded as preferable (Jaffe 1989; Adams and Jaffe 1996 KIBS are increasingly viewed as important actors in the economic development process, utilising high levels of human capital and turning this into innovative outputs in sectors such as computer consultancy, R&D consultancy, accountancy legal practitioners (Miles 2005) .
Consequently, these are among the most innovative service sector firms; with the wider real estate, renting and business activities sector (of which KIBS are a sub-sector) found to contain the highest proportion of innovating firms in the UK (BIS, 2014) . As such, KIBS are regarded as important actors within innovation systems and knowledge networks due to their ability to both provide and transfer knowledge and skills to their clients, particularly within de-industrialised economies (Doloreux and Muller 2007; Chadwick et al. 2008; Doloreux and Shearmur 2010; Huggins 2011) . KIBS may undertake a number of functions within innovation systems including: (1) innovation facilitator-supporting a client firm in its innovation process, for example by bringing a new product to market; (2) innovation carrier-taking a role in transferring existing innovations from one firm or industry to a client firm or industry; and (3) innovation source-playing a role in initiating and developing innovation in client firms (Hauknes 2000; García-Quevedo and Mas-Verdú 2008) .
Accordingly, KIBS are viewed as complementing the publicly funded knowledge infrastructure and providing a 'second knowledge infrastructure' (Cooke and Memedovic 2003) .
The focus of this paper is on examining the determinants of the spatial reach of collaborative linkages between universities and KIBS firms, specifically understanding the factors that influence the geographic proximity between partners. The extant literature on university engagement and collaborative linkages is rich and well developed, providing a focus on (Fernandez & Martinez, 2013; Pinto et al, 2014 ). Yet, despite the importance of both KIBS and the university sector, the links between the two are rather under-examined, although previous work demonstrates that KIBS are relatively prone to developing university linkages, (Harris et al. 2013) , accounting for 22.7% of collaborative business grants awarded by the UK's Engineering and Physical Sciences Research Council between 1999 (D'Este et al. 2013 ). This paper uses a unique dataset on formal collaborative linkages in form of Knowledge Transfer Partnerships (KTPs) between universities and KIBS firms in order to explore the factors that influence the geographic proximity of the partners involved. The paper contributes to the extant literature firstly through extending the existing work in this area to the consideration of innovative firms in the service sector, which have become important components of the economy in advanced de-industrialised economies (Sissons 2011) , and, secondly, through broadening the factors under consideration to evaluate the importance of the socio-economic characteristics of the firms' location to the geographic scope of their 4 linkages. The paper is structured as follows Section 2 develops the conceptual and theoretical framework regarding university engagement and the geographic scope of collaborative linkages. Section 3 outlines the data and analytical techniques used. Section 4 presents the results, while Section 5 discusses these results with respect to the theoretical framework and provides conclusions and policy implications, while also exploring possible future avenues for research suggested by the findings. The development of collaborative linkages with universities has been shown to have a positive effect on firms through increasing their sales, research productivity and level of patenting (Fontana et al. 2006 ) through allowing to access additional resources, promoting learning within the firm and broadening the scope of their activities (Hagerdoorn et al. 2000; Abreu et al. 2008) . In light of these findings, policymakers worldwide are increasingly pushing universities towards developing industry linkages and commercialising their knowledge (Huggins et al. 2008; Goddard et al. 2012) , focussing on so called 'third mission' activities of business engagement (Lambert 2003; Wilson 2012) . Consequently, the UK university system, for example, is now regarded as an important resource for domestic firms, with formal collaboration between UK businesses and universities growing at over 6% per annum, and the value of consultancy services provided by universities being in excess of £400m per annum (CBI 2015) . As such, university-industry linkages are increasingly viewed as important to the economy as a whole, promoting the commercialisation of the 'sciencebase' and innovation within the private sector.
The extant literature demonstrates that the propensity to engage in and the strength of U-I linkages varies considerably by sector (Laursen et al. 2011) . For example, the biotechnology sector has been shown to be especially prone to engaging with the university sector, whereas sectors such as textiles have had limited engagement (Laursen and Salter 2006; Lawton Smith and Bagchi-Sen 2006) . Firms in other knowledge intensive sectors such as pharmaceuticals and chemicals have also been shown to co-locate their R&D activities with academic departments, producing high quality research outputs (Abramovsky et al. 2007; Abramovsky and Simpson 2011) . Thus, in general, the evidence suggests that it is larger firms in knowledge intensive sectors that rate collaborative links with universities as important for innovation, as they are more likely possess the necessary resources with which to develop and sustain these links (Mohnen and Hoareau 2003; Laursen and Salter 2004) .
The conceptual framework underlying this study concerns the role of spatial proximity facilitating knowledge transfer between agents, with the general argument being that the spatial distance between knowledge transfer partners likely to vary according to the characteristics of these partners, as well the characteristics of the locational environment in which they are spatially situated (Jaffe 1989; Jaffe et al. 1993; Maggioni and Uberti 2008) .
In particular, firms may often be embedded in regional knowledge channels ( The first area of investigation concerns the characteristics of the firms involved in the collaboration. Previous work suggests that firm resources in influence the spatial proximity of collaborative linkages with universities (Mohnen and Hoareau 2003; Laursen and Salter 2004) . Due to the fact that the development and maintenance of collaborative linkages is not necessarily costless, the management of interactions and collaborative projects consumes firm resources in terms of time and administration. As such, those firms that are not able to commit the necessary resources to managing the collaboration effectively may find it difficult to ensure that knowledge is flowing productively into the firm (Teece 1998; Sorenson et al. 2006 ). Consequently, geographic proximity could be interpreted as a substitute for firm resources as it simplifies the process of partner selection and network maintenance, thus requiring fewer resources (Cooke and Huggins 2003; Huggins and Johnston 2010) . The evidence suggests that, typically, smaller firms that are more prone to develop collaborative linkages with more geographically proximate partners and it is surmised that their lack of resources pushes them towards these more proximate relationships (Huggins et al. 2012) )..
Therefore, it appears that firm size may have an influence on the geographic proximity of KIBS and their university partners. This is formalised in Hypothesis 1:
Hypothesis 1: Smaller KIBS firms will pursue collaborative linkages with more geographically proximate university partners.
While the characteristics of the firm are important, it has also been established that the characteristics of the university involved also influences the geographic scope of collaborative linkages (Hewitt-Dundas 2011). Firstly, , institutions and departments that perform well in metrics ranking institutional quality typically attract more distant partners (Hewitt-Dundas 2011; Laursen et al. 2011) . Consequently, the perceived quality of a university is an important determinant of its spatial reach (Mansfield 1995; D'Este and Iammarino 2010) . This is illustrated by the findings of Laursen et al. (2011) who report that firms are most likely to collaborate with a local top-tier university. Importantly, they also find that in the absence of a local top-tier university, firms are more likely to collaborate with a non-local university than a local lower-tier university; cementing the view that research prowess is an important factor in determining partner selection. Indeed, the process of engaging with external actors is an uncertain practice (Petruzzelli 2011) , and to understand the uncertainties faced, the motivations for engagement must be understood. As the motivations for developing of U-I linkages are to enhance the innovative capacity of a firm through procuring additional resources, promote learning of new knowledge and techniques within the firm and increasing the breadth of a firm's activities (Hagerdoorn et al. 2000) , the firm must ensure that its external partner will contribute to these aims. Consequently, the reputation of a university can reduce these uncertainties; and the fact that geographic proximity has been found to increase the distance between partners (Hewitt-Dundas 2011; Laursen et al. 2011) suggests that the two can be considered to be substitutes. This is captured in Hypothesis 2:
Hypothesis 2: Higher levels of engagement and research by a university will have a negative effect on the geographic proximity of collaborative linkages with KIBS Firm location has been long regarded as a significant determinant of a firm's performance, especially with respect to co-location with other firms in similar areas and the competitiveness of the local business environment (Audretsch and Dohse 2007). Typically, a firm's external environment, or 'milieu', is viewed as providing a myriad of 'untraded interdependencies,' or network resources that are spatially proximate (Storper 1995; Huggins and Johnston 2010) . Previous work has demonstrated that higher-technology, knowledge intensive sectors tend to be more prone to clustering (Audretsch and Feldman 1996) , a feature that is partially observed in terms of the KIBS sector with these firms tending to exhibit a bias towards urban areas and cities (Chadwick et al. 2008; Wood 2009; Huggins 2011) . In short, the KIBS sector appears to be prone to clustering. The literature on clustering is large and well developed; suffice to say universities can be considered to be key members of
Data and Method
This section explains the nature of the data collected and analysed for the study, as well the modes of analysis employed.
Dataset: University Linkages
University linkages are a diverse phenomenon, covering a wide range interactions with other organisations, both formal and informal (Perkmann and Walsh 2007) . Consequently, scholars have looked at many types of interaction; co-publications (Ponds et al. 2007 ), co-location The partnerships are facilitated through grants available from UK Government agencies plus a contribution from the collaborating organisation. KTPs involve organisations from all sectors of the economy, including both manufacturing oriented firms and service sector firms as well as public and third sector organisation firma full postal address was obtained utilising Company's House data 3 , including those no longer trading; the address of the firm was that at the time the KTP commenced for those firms that had subsequently moved. The full postal address for the specific academic department involved in the KTP was also obtained.
Dependent Variable
The dependent variable measures the geographic proximity of the two partners in the collaboration. In order to calculate this, the distance in kilometres between the two 
Independent Variables
In order to examine the influence of resources on the spatial reach of collaborative linkages two proxy variables were included. Firstly, each firm was categorised by size according to the In order to examine clustering effects, a variable measuring regional KIBS employment density, calculated by dividing KIBS employment per NUTS 3 region by the geographic size of the region in square kilometres is included in the model. Following Ponds et al., 2010, this data are averaged across the study period Finally, a variable is included that controls for the firm's previous participation in the KTP programme, with continued engagement being used as a sign that the firm is able to successfully engage with universities, following previous studies of this type (D'Este et al. 2013; Johnston and Huggins 2015) .
Econometric Methods
Prior diagnostic tests established the dependent variable -the geographic proximity of partners -has a negative significant skew and a kurtosis score just over16. As well as having a negative skew, the dependent is also significantly over-dispersed with the variance of the sample (1460.010) being significantly greater than the mean (37.57). The existence of both the skew and the over-dispersion necessitated the use of logged variables in order to utilise standard OLS regression techniques. Table 2 provides the descriptive statistics for the dataset. Table 3 also provides a correlation matrix for the variables used. In general, it is found that the correlation coefficients are low and do not pose any problems with multicollinearity.
[ Table 2 around here]
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Results

Descriptive Statistics
In terms of firm size, it is observed that formal collaborative links between KIBS and universities mainly involve micro and small firms (<50 employees); three-quarters of the firms in the sample have fewer than 50 employees, with 23% employing fewer than 10 and 52% employing between 11 and 49. Medium and large firms account for the remaining quarter of the sample, with 16% of the sample firms employing between 50 and 249 staff and 9% employing over 250 staff. Interestingly, these vary widely from the UK distribution of KIBS firms by size, whereby micro firms with fewer than 10 employees account for 98% of all firms, small firms account for 1.8% of all KIBS firms and medium and large KIBS firms account for 0.3% and 0.1% respectively (authors' calculations based on ONS data). Thus, higher than proportionate numbers of small, medium and large KIBS firms are developing collaborative linkages with universities.
Econometric Results
The results of the regression analysis are shown in Table 4 , which indicates that the geographic scope of collaborative linkages between KIBS and universities is determined by the particular characteristics of firms and universities, as well as the nature of the location and region in which they are situated. Each of research hypotheses are analysed in turn below.
Firstly, Hypothesis 1 examined the effect of firm resources on the geographic proximity of formal collaborative linkages between KIBS and their university partners. Previous work suggests that the greater the geographic scope of a linkage then the greater the resources required to manage that linkage, leading to the hypothesis that larger KIBS firms, which by definition possess greater levels of resources, will engage in partnerships over greater distances. The results from the econometric models suggest that firm size is an important determinant of the geographic scope of collaborative linkages between KIBS and universities.
Model 1 examines this factor in isolation and shows a significant positive sign on the size variable in the case of micro firms (those with fewer than 10 employees), suggesting that these firms form linkages with universities that are more geographically proximate than larger firms. In addition there is weak evidence (p<0.10) that small firms are also more likely to be involved in geographically proximate collaborative linkages than large firms. These effects are also observed in Models 2 and 3, which introduce further variables, with the magnitude of these effects being constant across all three models suggesting that this is a robust result. Therefore, this evidence presented here suggests that KIBS are subject to similar patterns with respect to firm size as other sectors, in that spatial proximity is more important for smaller firms (Lawton Smith and Bagchi-Sen, 2006; Hewitt-Dundas, 2011; Laursen et al., 2011) . Thus, Hypothesis 1 is confirmed and firm size does appear to be a significant factor in determining the geographic scope of a linkage.
Hypothesis 2 suggests that the characteristics of the university partner influences the geographic scope of the linkage, namely that more 'engaged' institutions will be involved with more distant links with KIBS firms. The results find that research intensity and commercial focus of a university both have a significant influence on the geographic scope of collaborative links with KIBS firms. First, higher densities of research active staff within an institution have a negative effect on the geographic proximity of the project partners. This suggests that higher levels of research activity within an institution are responsible for an institution having a greater spatial reach, attracting more distant partners. Thus, the research intensity of a university clearly influences the geographic scope of collaborative linkages with KIBS, in line with evidence from other sectors (Laursen et al., 2011; Hewitt-Dundas, 2012) . In contrast, the results also suggest that higher levels of commercial engagement within a university promote closer linkages with KIBS firms. Thus, the evidence only partly confirms Hypothesis 2 given that collaborating with more engaged universities has a negative effect on the proximity of the partners in terms of research engagement. However, higher levels of commercial engagement promote more proximate links.
Hypothesis 3 examines the effects of firm location on the geographic scope of their university linkages, suggesting that higher levels of clustering would promote more local linkages. The results suggest that higher densities of KIBS employment promote closer linkages between these firms and their university partners. Thus, locational factors in terms of clustering effects are important determinants of the geographic scope of collaborative linkages between KIBS and universities. Therefore, Hypothesis 3 is confirmed.
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Discussion and Conclusions
This paper The findings have a number of theoretical implications. The theoretical framework on systemic innovation largely assumes that the 'intensity' of a collaboration is facilitated by geographic proximity (cf. Breschi and Lissoni, 2001; Gertler, 2003; Storper and Venables, 2004 ). Yet, in terms of university-industry linkages, this paper has established that this may be more of a relative term as the average distance between collaborators actors varied considerably. Consequently, this suggests that a deeper understanding of the determinants of geographic proximity is necessary. Through focusing on formal collaborative linkages of a single sector, KIBS, the results suggest that the geographic proximity of collaborators varies considerably. Research intensive universities and larger KIBS firms are more prone to engage in non-localised networks. This indicates that they possess the resources necessary to develop and sustain such linkages. However, this does not suggest a simple dichotomy around firm size and university engagement in research; the commercial engagement of an institution and also the location of the firm also influence the proximity of partners.
Overall, the paper provides evidence that the location of firms is important in the determination of geographic proximity of collaboration. Location in an area dense in KIBS employment indicates that, whilst organisational characteristics play an important role in determining the extent to which innovative collaboration is localised, spatial dynamics play a complementary role drawing KIBS into a milieu, cluster or agglomeration. This is theoretically important to the extent that the geographic scope of collaboration, particularly with regard to U-I links, has implicitly concerned factors related to interactions related to However, the results suggest that such a simple policy directive would be effective; when there are variations pertaining to the location of the firm that contribute to the differing geographic scope of collaborative links then these should also be considered. Thus, context is important. Thus policymakers are urged to consider the local and regional socio-economic characteristics and how these may influence the geographic scope of KIBS collaborative linkages with universities. Accordingly, policy interventions could start by recognising that KIBS firms may require assistance in finding the right linkage with a university not just the nearest. Therefore, it may be that a matching process can be utilised in order to engage firms with suitable partners. Encouraging collaborative links merely on a local or regional basis is clearly not the best basis for this in all cases.
In terms of limitations of the study, this paper focuses on one type of proximity, geographic proximity. While this has been the focus of the literature on innovation, and innovation systems, it is recognised that proximity is a much wider factor than merely focussing on space. Organisational, cognitive, social and institutional proximity are all important determinants of collaborative linkages and the transfer of knowledge; yet, this dataset used does not fully capture these factors. The focus of this paper has been on the knowledge intensive business services sector and one further area to explore would be to assess the extent to which these results reflect the wider services sector. 
